Introduction
============

Tinnitus ("ringing in the ears") is described as the perception of sound without any external stimulation. Chronic tinnitus is a common condition, affecting around 10% of the general population, and for some people this condition is debilitating ([@B27]). As for the Polish adult population, [@B45] estimated that 20% experienced tinnitus lasting more than 5 min, around 5% were affected by chronic tinnitus, and for 4% (almost 1.6 million adults) tinnitus caused severe annoyance. Moreover, Polish children are affected by this problem as well. The study by [@B39] reports that more than 5% of 55201 7-year-old children tested reported their perception of tinnitus to be often or very often.

Tinnitus can seriously affect quality of life and, in extreme cases, even lead to suicide ([@B18]). Among tinnitus related comorbidities we can distinguish anxiety ([@B47]; [@B22]), depression ([@B27]), or sleep disorders ([@B7]). Tinnitus may be closely linked to hearing loss ([@B29]; [@B41]). Different therapeutic approaches offer the use of hearing aids, tinnitus maskers, or tinnitus instruments that combine both ([@B48]); counseling sessions (e.g., cognitive behavior therapy, see [@B6]); counseling combined with the use of sound generators \[e.g., Tinnitus Retraining Therapy (TRT), see [@B17]\]; relaxation techniques (e.g., Mindfulness Based Stress Reduction, see [@B40]); neuromodulation (e.g., the Acoustic Coordinated Reset Neuromodulation, see [@B46]); or brain stimulation (e.g., Repetitive Transcranial Magnetic Stimulation Treatment, see [@B14]). There are many possible options for treatment; however, none of these provides immediate and constant relief for tinnitus (for further details see, e.g., [@B3]; [@B28]).

At the moment, no valid and standardized questionnaire for the assessment of tinnitus is available in Poland. As of yet, clinicians in Poland rely on self-made, non-validated translations of the original version of the questionnaire, which limits the reliability of patient assessment, but also prevents the comparison of therapeutic outcomes with other clinics using validated instruments.

We decided to translate and validate the Tinnitus Handicap Inventory (THI) and the Tinnitus Functional Index (TFI) developed by [@B32] and [@B30], respectively. Our choice of the THI was based on two observations: firstly, it is a well-known questionnaire that has been extensively used in clinical and scientific practice to measure tinnitus distress and to test potential reduction of the THI score as a consequence of applied therapy (see, e.g., [@B26]; [@B43]; [@B40]; [@B49]; [@B50]; [@B53]). It was determined that a clinically meaningful change is achieved with a reduction of 20 or more points of the total score of the THI ([@B32], [@B33]; [@B10]). Secondly, the THI is integrated into the Tinnitus Research Initiative database, which contains standardized data collected from different tinnitus research centers and countries ([@B26]). A validated Polish version of the tool would enable clinicians not only to classify tinnitus patients according to severity, but would also create a possibility for Polish scientists to contribute to international research projects.

Our second choice---the TFI---was based on its unique feature; precisely, the possibility to evaluate therapeutic outcomes ([@B30]). In addition, this questionnaire may be used by clinicians and researchers to classify patients according to tinnitus severity. Nevertheless, our goal was to provide to Polish ENT centers a tool which enables the evaluation of the effectiveness of applied treatments (see, e.g., [@B25]; [@B14]; [@B35]; [@B40]; [@B49]; [@B11]).

Materials and Methods {#s1}
=====================

Participants
------------

The study was performed in three clinics in Polish cities---namely Poznań, Gdańsk and Łódź ---where paper versions of the questionnaires were filled out anonymously by 98 patients (for the THI-Pl) and 108 patients (for the TFI-PI) who reported tinnitus as either a primary complaint or secondary complaint after hearing loss (defined by hearing loss exceeding 25 dB HL for at least one of the frequencies tested in the audiological pre-interview). Ten of 108 patients tested with the TFI-Pl questionnaire did not fill out the THI-Pl. Participation was voluntary, all participants gave oral consent before filling out the questionnaire, and data was stored and analyzed completely anonymously. The sample was heterogeneous and included a large variety of patients visiting our clinics. This range included, for example, patients with different degrees of hearing loss and self-reported tinnitus severity visiting the ENT doctor for the first time, but also those who had already undergone particular treatments and patients currently in the therapeutic process (Poznań: mainly TRT or electrostimulation; Gdańsk: TRT; Łódź: TRT, counseling sessions). A study information sheet was provided and all volunteers were informed about the aim of the study as well as the estimated time for completing the questionnaires. The participants filled out the questionnaires while waiting for their consultation with an ENT specialist. Descriptive measures of patients who filled in the THI-Pl and TFI-Pl questionnaires are shown in Supplementary Tables [S1](#SM1){ref-type="supplementary-material"} and [S2](#SM2){ref-type="supplementary-material"}, respectively.

Tinnitus Handicap Inventory
---------------------------

The THI ([@B32]) is a self-reported measure consisting of 25 items divided into three subscales: functional (11 items measuring the functional aspects of tinnitus such as mental, social/occupational, and physical functioning), catastrophic (five items reflecting catastrophic responses to tinnitus, including depression, and sleep disturbance), and emotional (nine items representing affective responses to tinnitus). There are three possible answers to each item (and 25 items in total): "yes" (four points), "sometimes" (two points), and "no" (zero points). Scores are calculated for the THI total scale (range 0--100 points) as well as for the three subscales: functional (THIf), catastrophic (THIc), and emotional (THIe)---ranges 0--44, 0--20, and 0--36 points, respectively). It is noteworthy that some researchers proposed a unifactorial structure of the questionnaire, with no division for subscales ([@B4]; [@B10]).

The THI has been widely validated and translated, for example, into Danish ([@B51]), Korean ([@B23]), Italian ([@B31]), Chinese ([@B20]), German ([@B24]), Persian ([@B16]), and Russian ([@B34]).

Tinnitus Functional Index
-------------------------

The TFI ([@B30]) is a self-report measure used for the evaluation of tinnitus severity, measuring clinically important changes. It consists of 25 items divided into 8 subscales addressing different domains of tinnitus severity: intrusive (three items, TFIint), sense of control (three items, TFIsoc), cognitive (three items, TFIcog), sleep (three items, TFIsleep), auditory (three items, TFIaud), relaxation (three items, TFIrelax), quality of life (four items, TFIqol) and emotional (three items, TFIem). The TFI-Pl uses a 10-point scale in the range 0--10 or 0--100%. The scores are calculated for the total scale and all subscales (range 0--100 each). Detailed scoring instructions are provided by the authors ([@B30]).

The TFI is currently translated and validated by scientists from Holland ([@B37]) and England ([@B11]).

Translation Procedure
---------------------

The original versions of the questionnaires were translated into Polish by the authors fluent in English. These authors agreed to the translated version being further forwarded to three independent translators who performed translations back into English. Two of these translators were native English speakers and one was an English teacher who studied English philology. They were unfamiliar with the original version of the questionnaire. After comparing the original and the translated versions, the authors constructed the final versions of the THI-Pl and TFI-Pl (see "Supplementary Material [1](#SM15){ref-type="supplementary-material"}" which displays the Polish versions of the THI and information on how to obtain the TFI), based on a simple frequency criterion. More precisely, when discrepancies between the three translations provided were observed, the authors chose the version preferred by two of the three translators. Other forms of discrepancies were not observed. The questionnaires were pre-tested by the authors themselves and with hospital staff who volunteered for this task.

Additional Measures
-------------------

Participants were additionally asked to complete the Polish version of The Centre for Epidemiological Studies Depression Scale (CES-D; [@B38]; Polish adaptation: [@B9]; [@B21]; [@B52]) and the Polish version of The Satisfaction With Life Scale (SWLS; [@B8]; [@B36]; Polish adaptation: [@B19]). We also used two versions of the Visual Analog Scale as a measure of self-perceived tinnitus annoyance and tinnitus loudness.

The CES-D is a tool which is free of charge and widely used in clinical practice to estimate the number and intensity of depressive symptoms after the diagnosis of depression ([@B52]). It consists of 25 items divided into four subscales measuring: (1) depressive affect (depressive mood), (2) lack of positive affect (well-being), (3) somatic symptoms and inhibition of activity (somatic symptoms), and (4) attitude to other people (intrapersonal affect) ([@B38]; [@B52]). The structure of the Polish version of the tool is internally compliant with the theoretical assumptions and its temporal stability was confirmed in the longitudinal studies ([@B52]).

The SWLS assesses self-perceived quality of life. The tool includes five statements with which patients have to express their degree of agreement (1--"I totally disagree," 7--"I totally agree"). The total score of the Polish and original version of this tool is a general indicator of a participant's satisfaction with their life ([@B19]).

The Visual Analog Scales (VAS; assessing self-perceived tinnitus anxiety and tinnitus loudness) were chosen, because they are considered to be valid and effective tools for measuring reductions in tinnitus severity in people with chronic tinnitus ([@B1]). The Visual Analog Scale was used in order to ascertain the severity of tinnitus (tinnitus annoyance and tinnitus loudness). The VAS scales consisted of two 10 cm lines with marked endpoints. There were two faces drawn: a smiling one indicating lack of annoyance or no perception of tinnitus (painted under the left endpoint of a line) and a sad one indicating extreme annoyance or extremely loud tinnitus (painted under the right endpoint of a line).

Statistical Analysis
--------------------

Statistical analyses of data were performed with the Statistical Package for Social Sciences (v22; SPSS, Inc., Chicago, IL, USA). Since the majority of our samples were non-Gaussian (indicated by the Shapiro--Wilk test), we relied mainly on non-parametric techniques. More specifically, whenever the normality assumption was rejected, we used the Wilcoxon--Mann--Whitney for comparisons of two (unpaired) groups. Alternatively, the *t*-test was preferred for Gaussian samples. Similarly, the Kruskal--Wallis test served to compare larger numbers of groups when the normality hypothesis was rejected. For the Gaussian sample, we used a one-way ANOVA. Spearman's rank correlation coefficient (rho) was used for measuring associations. Internal consistency was evaluated by measuring Cronbach's alpha coefficient in order to assess questionnaire reliability and the item-total correlation. The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy and Bartlett's Test of Sphericity were assessed to assure that our data was eligible for our exploratory factor analysis. Correlations between the factors were calculated, and factor analysis was carried out using the oblique Oblimin rotation. In addition, two orthogonal rotations (Varimax, Quartimax) were investigated. For increased robustness, we selected the Unweighted Least Squares method as an estimation technique. Confirmatory factor analysis (CFA) was performed using IBM SPSS AMOS 22. Statistical significance was set for *p*-values smaller than 0.05.

In order to determine the discriminant validity, we asked participants to complete the Polish version of The Centre for Epidemiological Studies Depression Scale (CES-D; [@B38]; Polish adaptation: [@B9]; [@B21]; [@B52]) and the Polish version of The Satisfaction With Life Scale (SWLS; [@B8]; [@B36]; Polish adaptation: [@B19]). We assumed that discriminant validity would be confirmed when at most moderate (ρ \< 0.6) correlations between the THI and TFI total score and CES-D and SWLS scores were observed ([@B32]; [@B10]).

To access the convergent validity, we used two versions of the Visual Analog Scale as a measure of the self-perceived tinnitus annoyance and tinnitus loudness. We assumed that convergent validity would be confirmed when at least strong correlations (ρ \> 0.6) between the THI and TFI total score and VAS annoyance and VAS loudness scores were observed.

Five TFI-Pl questionnaires from two female and three male respondents with seven or more omitted responses were removed from the analysis, according to the recommendation by [@B30]. We did not have to exclude any THI-Pl questionnaires. Thus, the final number of questionnaires retained was *N* = 98 and *N* = 103 for the THI and TFI analysis, respectively. Note that our THI-Pl sample contained a total of 35 missing observations, and the TFI-Pl sample contained a total of 22 missing observations (after the exclusion of five participants), resulting from questions skipped by responders. Since this constitutes only ∼1% of the data, we applied a mean-replacement for reliability analysis as well as a factor analysis.

Results
=======

The Polish version of the THI
-----------------------------

### Descriptive Statistics, Intergroup Differences, and Correlations

The average age of patients who filled in the THI-Pl questionnaire was 51.72 years (*SD* = 13.06) and the mean duration of tinnitus was 6.56 years (*SD* = 11.64). Responses given to particular items of the THI-Pl are presented in Supplementary Table [S3](#SM3){ref-type="supplementary-material"}. **Table [1](#T1){ref-type="table"}** shows average scores obtained by participants for the THI-Pl, VAS scales, CES-D, and SWLS. **Table [2](#T2){ref-type="table"}** summarizes correlations between the different scales. The highest correlations were found for the THI total score and VAS annoyance. The relation between the THI total score (or its subscales) and gender was not significant, as shown by the Wilcoxon--Mann--Whitney test. In addition, the Kruskal--Wallis test did not reveal any significant differences for THI total score (or its subscales) resulting from variations in tinnitus pitch, localization, or character. The Wilcoxon--Mann--Whitney test showed significant influence of hearing loss on the total THI score (*p* = 0.044). Participants subject to hearing loss obtained higher scores than normal hearing patients (41.6 vs. 33.4). There were no significant correlations between the THI-Pl and age or duration of tinnitus.

###### 

Average scores and their standard deviations for THI-Pl and additional measures obtained from the Polish participants.

         Scale                                                                           
  ------ ------------ ---------- ---------- ---------- ---------- ---------- ----------- ----------
         **THI-Pl**   **THIf**   **THIc**   **THIe**   **VASa**   **VASl**   **CES-D**   **SWLS**
                                                                                         
  Mean   38.6         17.7       8.8        12.1       48.9       50.0       15.6        21.5
  *SD*   22.9         10.3       5.1        9.5        26.3       26.2       10.6        5.8

THI, Tinnitus Handicap Inventory; Pl, Polish; f, functional; c, catastrophic; e, emotional; VAS, Visual Analog Scale; a, annoyance; l, loudness; SWLS, The Satisfaction With Life Scale; CES-D, The Centre for Epidemiological Studies Depression Scale.

###### 

Correlations (Spearman's rho) between the THI-Pl and other measures used in the adaptation procedure.

  Measure   VASa         VASl         CES-D        SWLS
  --------- ------------ ------------ ------------ ------------
  THI-Pl    0.799^∗∗∗^   0.610^∗∗∗^   0.528^∗∗∗^   -0.300^∗∗^

∗∗∗

p

\< 0.001;

∗∗

p

\< 0.01; THI, Tinnitus Handicap Inventory; Pl, Polish; VAS, Visual Analog Scale; a, annoyance; l, loudness; CES-D, The Centre for Epidemiological Studies Depression Scale; SWLS, The Satisfaction With Life Scale.

Convergent validity was confirmed by strong positive Spearman's correlations for the total THI score and the VAS annoyance and loudness scales. Discriminant validity was assessed by weak negative correlations (ρ \< 0.4) for the SWLS and moderate positive correlations (ρ \< 0.6) for the CES-D total score.

### Internal Consistency

The THI-Pl has the same high internal consistency reliability as the original version of the questionnaire (α = 0.93; from [@B32], which serves as a reference for all statistical measures in the following as well, if not stated otherwise). **Table [3](#T3){ref-type="table"}** presents the corrected item total correlation. Further details concerning Cronbach's alpha coefficient if an item is deleted are included in Supplementary Table [S4](#SM4){ref-type="supplementary-material"}. Items 2, 19, and 24 had the lowest possible corrected item total correlation, with values lower than 0.4--0.30, 0.25, and 0.27, respectively. The analysis revealed that the removal of these items would only slightly elevate Cronbach's alpha coefficient from α = 0.933 to α = 0.935. We therefore decided to preserve the original number of items in the questionnaire. For the other 22 items, the corrected item total correlation was high (*r* = 0.6). When compared to the original version of questionnaire, internal consistency reliability was slightly lower for the functional subscale (α = 0.83 vs. α = 0.86) and slightly higher for the catastrophic (α = 0.70 vs. α = 0.68) and emotional (α = 0.90 vs. α = 0.87) subscales. Supplementary Table [S5](#SM5){ref-type="supplementary-material"} lists the reliability coefficients of the THI-Pl and other adaptations. The last two columns report the average internal consistency reliability of all adaptations excluding the Polish and the original English version and the sample standard deviation. Cronbach's alpha determined for the Polish adaptation fell within the estimated 95% quantile of all questionnaires as presented in Supplementary Table [S5](#SM5){ref-type="supplementary-material"}.

###### 

Corrected item total correlation for all items of the THI-Pl.

  Scale/Item   Corrected item-total correlation
  ------------ ----------------------------------
  F 1          0.706
  F 2          0.303
  E 3          0.514
  F 4          0.514
  C 5          0.673
  E 6          0.668
  F 7          0.405
  C 8          0.481
  F 9          0.720
  E 10         0.682
  C 11         0.486
  F 12         0.720
  F 13         0.627
  E 14         0.711
  F 15         0.536
  E 16         0.694
  E 17         0.628
  F 18         0.495
  C 19         0.246
  F 20         0.674
  E 21         0.713
  E 22         0.743
  C 23         0.632
  F 24         0.266
  E 25         0.748

F, functional; E, emotional; C, catastrophic.

### Factor Analysis

We started with an exploratory factor analysis, assuming the original structure of the questionnaire ([@B32]) with three factors. All factors were moderately correlated with each other, as can be seen in the lower part of **Table [4](#T4){ref-type="table"}**, supporting the choice of an oblique rotation. The first main factor with an eigenvalue of 10.2 explained 41.0% of the variance; the second with an eigenvalue of 1.9--7.5% and the third with an eigenvalue of 1.4--5.5% together explained 54.1% of the total variance. Supplementary Figure [S1](#SM16){ref-type="supplementary-material"} shows a scree plot of factors with corresponding eigenvalues. On the one hand, the first factor is dominant, which at first glance supports a unifactorial questionnaire structure. **Table [4](#T4){ref-type="table"}** represents the rotated factor loadings of the described solution and the factor correlations. Investigation of the factor loadings and their corresponding eigenvalues led us to three conclusions. Firstly, three factors contribute to the loadings of the 25 items, but these factors do not correspond to the subscales of the questionnaire. Except for three items, all of these loadings can be considered important as they have values greater than 0.4 ([@B13]; [@B4]). In addition, the remaining items carry loadings higher than 0.27 and two of these are greater than 0.3. Secondly, of the first factor loads on 15 items, six belong to the emotional subscale, four to the catastrophic subscale, and five to the functional one. In our opinion, these items may be considered to be referring to the impact of tinnitus on everyday functioning and the emotional state of the patient. Five questions are loaded by the second factor, four of which originally belonged to the functional and one to the emotional subscale. These items could be viewed as describing the aspect of "helplessness" resulting from the perception of tinnitus. The third factor also loads five items, two belonging to the functional, two to the emotional, and one to the catastrophic subscale. Four of these questions refer either to relationships with other people or to social activities. Item number 12 concerns satisfaction with life ("Does your tinnitus make it difficult for you to enjoy life?") and, in our belief, can be linked with satisfaction from social relations. Taking into consideration loadings greater than 0.3, only three items (5, 22, and 23) are double-loaded. Two of them---item 5 ("Because of your tinnitus, do you feel desperate?") and item 23 ("Do you feel that you can no longer cope with your tinnitus?")---are additionally loaded by the third factor, which seems to be appropriate in the context of "helplessness." The question "Does your tinnitus make you feel anxious?" (item 22) is loaded by the third factor, but also by the first one. Since this item refers to the emotional state of the patient, an observation of double-loading seems to be justified.

###### 

Rotated factor loading matrices of the predefined-factor models.

                     Factor                    
  ------------------ ------------ ------------ ------------
  E 16               **0.672**                 
  F 15               **0.641**                 
  F 20               **0.637**                 
  F 7                **0.627**                 
  C 8                **0.534**                 
  F 18               **0.516**                 
  C 23               **0.511**                 0.359
  E 25               **0.494**                 
  F 1                **0.494**                 
  E 10               **0.477**                 
  E 14               **0.465**                 
  E 6                **0.447**                 
  C 19               **0.435**                 
  C 5                **0.425**                 0.355
  E 3                **0.280**                 
  E 17                            **-0.886**   
  F 13                            **-0.744**   
  F 9                             **-0.586**   
  F 2                             **-0.472**   
  F 12                            **-0.452**   
  E 21                                         **0.699**
  F 24                                         **0.556**
  E 22               0.464                     **0.473**
  F 4                                          **0.319**
  C 11                                         **0.310**
                                               
  **Correlations**                             
                                               
  Factor 1           1.000        **-**0.433   0.317
  Factor 2           **-**0.433   1.000        **-**0.442
  Factor 3           0.317        **-**0.442   1.000

Eigenvalues are presented below the names of factors. Lower part of the table shows correlations between the factors. Loadings \> 0.30 displayed (with exception of Item 3). Loadings assigned to particular factors in bold; F, functional; E, emotional; C, catastrophic.

Thirdly, the first factor alone explains less than half of the total variance. Taking this and the factor loadings of the second and third factors into account, it may be advisable to consider at least a two- or even three-factorial structure for attaining approximately 50% explained variation.

Moreover, we also investigated the effect of using orthogonal rotations for exploratory purposes (Supplementary Table [S6](#SM6){ref-type="supplementary-material"} reports the results). Then the results changed substantially: on the one hand, the Varimax solution suggests a structure similar to that obtained by the Oblimin solution. On the other hand, the Quartimax rotation leads to one main factor carrying the highest load for 22 of the 25 items, suggesting a unifactorial structure.

Lastly, we carried out a CFA for investigating if we can confirm the original three-factorial structure suggested by [@B32]. Some of the values of our fit indices were not too far from those obtained by [@B24]; for example, [@B24] obtained an RMSEA of 0.060, whereas our corresponding value equals 0.084. However, the overall results did not permit us to conclude an acceptable fit with the data, which is also in line with [@B24]. Supplementary Table [S14](#SM14){ref-type="supplementary-material"} presents details of the estimation results. Due to our comparably low sample size and the resulting lower reliability of all χ^2^-based statistics, we refrained from investigating further modifications of our factor model.

The Polish version of the TFI
-----------------------------

### Descriptive Statistics, Intergroup Differences, and Correlations

Supplementary Table [S7](#SM7){ref-type="supplementary-material"} presents responses to particular items of the TFI-Pl. **Table [5](#T5){ref-type="table"}** shows the average scores obtained by participants for the TFI-Pl, VAS scales, CES-D, and SWLS. **Table [6](#T6){ref-type="table"}** summarizes the correlations between the different scales (correlations between THI-Pl and TFI-Pl are included). Lastly, Supplementary Table [S8](#SM8){ref-type="supplementary-material"} presents more details on correlations of all THI and TFI scales with other measures.

###### 

Average scores and their standard deviations for TFI-Pl, the original version of the TFI (values in brackets), and additional measures obtained from the Polish participants.

  Scale      Mean          *SD*
  ---------- ------------- -------------
  TFI        46.7 (54.4)   22.5 (24.7)
  TFIint     53.1 (67.8)   25.9 (24.3)
  TFIsoc     64.0 (64.7)   27.0 (25.0)
  TFIcog     40.2 (48.0)   25.0 (29.0)
  TFIsleep   42.6 (51.5)   31.5 (35.3)
  TFIaud     40.0 (53.1)   29.3 (30.2)
  TFIrelax   50.5 (59.9)   28.9 (30.3)
  TFIqol     36.4 (46.3)   29.4 (29.9)
  TFIem      45.6 (47.2)   29.0 (31.8)
  VASa       4.8           2.6
  VASl       4.9           2.6
  CES-D      15.2          10.3
  SWLS       21.8          5.8

TFI, Tinnitus Functional Index; int, intrusive; soc, sence of control; cog, cognitive; aud, auditory; relax, relaxation; qol, quality of life; em, emotional; VAS, Visual Analog Scale; a, annoyance; l, loudness; CES-D, The Centre for Epidemiological Studies Depression Scale; SWLS, The Satisfaction With Life Scale.

###### 

Correlations (Spearman's rho) for TFI-Pl and other measures used in the adaptation procedure.

  Measure   THI-Pl     VASa         VASl         CES-D        SWLS
  --------- ---------- ------------ ------------ ------------ ---------------
  TFI-Pl    782^∗∗∗^   0.837^∗∗∗^   0.761^∗∗∗^   0.361^∗∗∗^   **-**0.223^∗^

∗∗∗

p

\< 0.001;

∗

p

\< 0.05; TFI, Tinnitus Functional Index; THI, Tinnitus Handicap Inventory; Pl, Polish; VAS, Visual Analog Scale; a, annoyance; l, loudness; CES-D, The Centre for Epidemiological Studies Depression Scale; SWLS, The Satisfaction With Life Scale.

We did not discover any impact of gender or hearing loss on the TFI-Pl score or its subscales (all *p*-values from *t*-test were non-significant). The Wilcoxon--Mann--Whitney test showed significant influence of hearing loss presence on the scores obtained in the auditory, quality of life, and emotional subscales (*p* = 0.017, *p* = 0.020, and *p* = 0.024, respectively). The group with participants subject to hearing loss obtained higher scores than normal hearing patients. In addition, the Kruskal--Wallis test revealed significant differences for the quality of life (*p* = 0.03) and emotional (*p* = 0.049) subscales and tinnitus pitch as well as for the sense of control subscale and tinnitus characteristics (tonal vs. non-tonal tinnitus). The highest scores in both the quality of life and emotional subscales were obtained by participants whose tinnitus pitch corresponded to a sound of 125 Hz; the lowest score corresponded to 500 Hz. The lowest sense of control was reported for patients experiencing a mixed type of tinnitus. A one-way ANOVA did not confirm any significant differences for the TFI-Pl total score (or its subscales) resulting from variations in tinnitus localization or character. Significant differences were observed for the relaxation subscale and tinnitus pitch (*p* = 0.012). A tinnitus pitch of 125 Hz interfered with relaxation particularly strongly, whereas 250 Hz corresponded to the lowest score obtained on the relaxation subscale. Weak but significant correlations were found between the auditory subscale and age or duration of tinnitus.

Convergent validity was confirmed with strong positive Spearman's correlations for the total TFI-Pl score and VAS loudness scale and very strong correlations with the VAS annoyance scale. Moreover, strong correlations were found between the THI-Pl and TFI-Pl. Discriminant validity was shown with no significant correlations for the SWLS and weak positive correlations for the CES-D. The lowest correlations were found for the TFI auditory subscale.

### Internal Consistency

The TFI-Pl has almost the same high internal consistency reliability as the original version of the questionnaire (α = 0.96 vs. 0.97). Consistency reliability of the TFI subscales ranged from 0.83 (sense of control subscale) to 0.95 (emotional subscale). **Table [7](#T7){ref-type="table"}** shows the corrected-item total correlation; Supplementary Table [S9](#SM9){ref-type="supplementary-material"} section contains additional information about Cronbach's alpha when a particular item is deleted. Supplementary Table [S10](#SM10){ref-type="supplementary-material"} section presents Cronbach's alpha coefficients for the TFI total and all subscales for the TFI-Pl and other adapted versions.

###### 

Corrected item total correlation for all items of the TFI-Pl.

  Item   Corrected item-total correlation
  ------ ----------------------------------
  1      0.585
  2      0.736
  3      0.666
  4      0.374
  5      0.669
  6      0.717
  7      0.747
  8      0.740
  9      0.772
  10     0.609
  11     0.655
  12     0.642
  13     0.604
  14     0.487
  15     0.599
  16     0.739
  17     0.715
  18     0.728
  19     0.769
  20     0.833
  21     0.780
  22     0.721
  23     0.784
  24     0.798
  25     0.798

### Factor Analysis

Similar to the THI, we carried out an exploratory factor analysis based on the oblique Oblimin rotation, since several factors showed moderate correlation (see lower part of **Table [8](#T8){ref-type="table"}**). The resulting eigenvalues greater than or equal 1 indicated that five factors are sufficient for explaining the total variance (the fifth factor had an eigenvalue of 0.999). The first factor explained 52.7% of variance, the second 10.8%, the third 5.7%, and the two remaining 5.2% and 4.0%, respectively. The following three factors had eigenvalues of lower than 1 (0.87, 0.67, and 0.51), explaining altogether 8.2% of variance. [@B30] obtained similar results in the factor analysis of their first prototype of the TFI with 43 items, where the eigenvalues of factors five to eight were also lower than 1. However, these authors considered eight factors meaningful and decided to retain all of them. They then performed further confirmatory analysis of a second prototype as well as the final version of the TFI with a specified number (8) of factors. In their analysis of the final version, 79.5% of the total variance was explained, whereas in our case eight factors are explained 86.7%. It may be noted that we performed our factor analysis using the Unweighted Least Squares method with oblique Oblimin rotation, since factors were correlated. The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy was high (KMO = 0.903) and Bartlett's Test of Sphericity was statistically significant (*p* \< 0.001).

###### 

Rotated factor loading matrix of the predefined-factor model.

                     Factor                                                                                     
  ------------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------
  21                 **0.793**                                                                                  
  22                 **0.713**                                                                                  
  20                 **0.399**                                                        0.305                     
  19                 **0.315**                                                        0.305                     
  14                              **-0.993**                                                                    
  13                              **-0.828**                                                                    
  15                              **-0.763**                                                                    
  7                                            **0.842**                                                        
  8                                            **0.807**                                                        
  9                                            **0.642**                                                        
  11                                                        **-0.913**                                          
  12                                                        **-0.790**                                          
  10                                                        **-0.684**                                          
  1                                                                      **0.995**                              
  3                                                                      **0.537**                              
  23                                                                                  **0.789**                 
  25                                                                                  **0.720**                 
  24                                                                                  **0.685**                 
  5                                                                                                **0.901**    
  4                                                                                                **0.670**    
  6                                                                                                **0.507**    
  2                                                                      **0.305**                 0.305        
  17                                                                                                            **0.961**
  18                                                                                                            **0.735**
  16                                                                                                            **0.734**
                                                                                                                
  **Correlations**                                                                                              
                                                                                                                
  Factor 1           1.000        **-**0.609   0.511        **-**0.331   0.326        0.604        0.250        0.531
  Factor 2           -0.609       1.000        **-**0.485   0.172        **-**0.286   **-**0.397   **-**0.149   **-**0.245
  Factor 3           0.511        **-**0.485   1.000        **-**0.491   0.385        0.447        0.471        0.543
  Factor 4           **-**0.331   0.172        **-**0.491   1.000        **-**0.437   **-**0.328   **-**0.470   **-**0.565
  Factor 5           0.326        **-**0.286   0.385        **-**0.437   1.000        0.353        0.492        0.422
  Factor 6           0.604        -0.397       0.447        **-**0.328   0.353        1.000        0.411        0.492
  Factor 7           0.250        -0.149       0.471        -0.470       0.492        0.411        1.000        0.402
  Factor 8           0.531        **-**0.245   0.543        -0.565       0.422        0.492        0.402        1.000

Eigenvalues are presented below the names of factors. Lower part of the table shows correlations between the factors. Loadings \> 0.30 displayed. Loadings assigned to particular factors in bold.

**Table [8](#T8){ref-type="table"}** presents the pattern matrix of an eight-factor solution. All factors contribute to the loadings of the 25 items and correspond to the respective subscales of the questionnaire. Except for three items, all loadings have values greater than 0.5. The remaining items (TFI 20, TFI 19, and TFI 2) carry loadings higher than 0.3 and are loaded by two factors. The decision to assign item TFI 2 to the intrusive subscale seems arbitrary, since it is equally loaded (0.305) by the factor referring to the sense of control subscale. However, assignment of this item to any other factor would leave only two items remaining in the subscale, which is not recommended ([@B30]).

In summary, our investigation of the factor loadings and their corresponding eigenvalues led to the conclusion that the original structure of the questionnaire should be replicated.

For exploratory purposes, we also investigated the results of a factor analysis with orthogonal rotations (Supplementary Tables [S12](#SM12){ref-type="supplementary-material"} and [S13](#SM13){ref-type="supplementary-material"} show the results). The loadings obtained from the Varimax solution suggest a seven-factorial structure; for the Quartimax solution, the corresponding number reduces to five.

Moreover, we carried out a CFA for investigating if we can confirm the original eight-factorial structure suggested by [@B30]. The results, on the one hand, were not fully satisfactory in terms of fit indices and thus did not permit us to conclude an acceptable fit with the data (Supplementary Table [S14](#SM14){ref-type="supplementary-material"} presents details on the estimation results). On the other hand, some of these values were not much lower than those obtained by [@B11]; e.g., TLI (0.915 vs. 0.939) or RMSEA (0.084 vs. 0.064). Obviously, the same limitations caused by our comparably low sample size apply.

Discussion
==========

Objectives
----------

The main goal of our study was to provide Polish clinicians and researchers with validated translations of the THI and the TFI questionnaires that could facilitate the classification of tinnitus patients according to severity and potential evaluation of therapeutic outcomes. The results of the presented work show that valid and reliable Polish versions of the THI and TFI questionnaires were constructed. The THI-Pl and TFI-Pl are satisfactory in terms of construct and criterion validity. They may be used by Polish clinicians working with people who have tinnitus and by Polish scientists working on international scientific research reports. Moreover, the TFI-Pl provides a decent psychometric tool and may be used by Polish clinicians working with patients suffering from tinnitus by enabling the detection of treatment-related changes. Polish scientists working in the tinnitus field may consider scores and subscores to identify factors potentially influencing results obtained during their research. For the THI-Pl one may focus stronger on the total score in clinical and scientific reports.

Limitations
-----------

We would also like to address two issues, which could be considered as limitations of our study. The size of our sample was not very large (98 patients for the THI-Pl, 108 patients for the TFI-Pl), and that created natural limits, for instance, for performing the CFA which could be of potential interest for some professional researchers working on adaptations or construction of questionnaires. On the other hand, only four among the 19 adaptations of THI cited in this paper were based on larger amounts of questionnaires (Brazilian/Portuguese--180, French--174, German--373, Japanese--182; [@B44]; [@B12]; [@B42]; [@B15]; [@B24], respectively), and only the German version of the THI included a presentation of the CFA results. In that study the CFA was justified by a sufficient number of patients. Six studies recruited a similar number of participants (Chinese--114, Persian--102, Italian--100, Korean--111, Turkish--110, and Arabic--100; [@B23]; [@B2]; [@B31]; [@B20]; [@B16]; [@B5]), and the remaining nine studies tested much fewer tinnitus patients. As far as the TFI is concerned, both the Dutch and English adaptations recruited more participants (263 and 294; [@B10]; [@B37], respectively). In the first case, the authors performed an EFA; in the second a CFA. Our aim was to adapt already existing tools in a manner that would enable the comparison of the THI-Pl and the TFI-Pl with other language versions. We believe that our choice of sample size and factor analysis has good justification in light of the mentioned literature. Future work will be needed to assess the test-retest reliability, which, when confirmed would add important value to Polish versions of the THI and TFI questionnaires.

The Polish version of the THI
-----------------------------

Conclusions from the THI-Pl factor analysis are ambiguous since the scree-plot shows a clear dominance of the first factor and limited contribution of the second and third factors in terms of explained variation, which supports a unifactorial structure. On the other hand, multiple factor loadings above the threshold of 0.4 attributed to the second and third factors suggest that a three-factorial structure should not be discarded. Therefore, our results are between those of [@B32] and the more recent findings suggesting a unifactorial structure ([@B4]; [@B10]). Consequently, one could eventually consider the current subscale division or alternatively simply treat the THI-Pl as a homogenous tool.

Lastly, one aspect is particularly noteworthy in the context of the factor analysis results. Since all factors are moderately correlated with each other, an oblique rotation seems appropriate. However, ignoring the correlation and using the orthogonal Quartimax rotation may lead to substantially different results, with loadings clearly supporting a unifactorial structure. It may be possible that related phenomena may be, in part, responsible for varying results on the factorial structure obtained by different studies.

High correlations between the THI subscales observed in the original version of the questionnaire were also observed in the Polish THI adaptation. Similarly, as far as the total and subscale scores are concerned, the THI-Pl has high internal reliability. Convergent validity was confirmed by strong correlations with the VAS scale accessing tinnitus severity annoyance and the VAS loudness scale. Discriminant validity was assessed by moderate associations between the THI and the CES-D measuring the self-perceived level of depression, and weak associations for the SWLS scale measuring the self-perceived quality of life. Thus, our expectations concerning convergent and discriminant validity were confirmed.

The Polish version of the TFI
-----------------------------

During the development of the first version of the TFI containing 43 items, [@B30] reported four factors with eigenvalues higher or equal to 1 when performing the factor analysis. Nevertheless, they decided to preserve eight subscales in the TFI and continued further analysis on a second prototype and the final version of the questionnaire with a specified number (8) of factors. For statistical purposes only---i.e., considering factors with eigenvalues greater or equal to one---we decided to perform an additional factor analysis with five factors. This approach was also motivated by the scree plot (Supplementary Figure [S2](#SM17){ref-type="supplementary-material"}), which does not support an eight-factorial structure, but rather suggests three to four factors, thus encouraging the exclusion of factors with eigenvalues smaller than 1. Moreover, the five factors contributed to 78.4% of the explained variation, which can be considered satisfactory. Note that for the sake of comparability with our eight-factor solution, we chose a similar setting (Unweighted Least Squares, oblique Oblimin rotation). In the five-factorial solution the first and main factor loaded 10 items, and the second, third, fourth, and fifth factors loaded five, four, three, and three items, respectively. The relaxation, quality of life, and emotional subscales were assigned to one factor, and the intrusive subscale was separated into sense of control (two items) and sleep (one item) subscales. This observation is in line with concerns described by [@B30]. These authors state that the intrusive, quality of life, and emotional subscales may reflect only a general tinnitus severity factor or both general and specific factors. Our conclusions from five- and eight-factorial solutions seem to confirm this reflection. The rotated factor matrix of this solution is available in Supplementary Table [S11](#SM11){ref-type="supplementary-material"}. Furthermore, for the TFI-Pl both orthogonal transformations investigated suggest factorial structures with a lower number of factors. This suggests, in particular, that the popular Varimax rotation should be used with care for analyzing the TFI-Pl (and potentially the TFI in other languages).

The TFI-Pl presents excellent internal consistency reliability and is satisfactory in terms of convergent and discriminant validity. As for the factor analysis results, an eight-factorial solution assigns all items to appropriate subscales for both the TFI-Pl and the original version of the TFI.

Finally, we would like to emphasize the importance of the fact that Polish versions of tinnitus questionnaires will provide Polish researchers with the possibility to become active within international scientific networks. In light of the complex nature of tinnitus, the collaboration between different communities seems to be of very great importance. Using the THI-Pl and TFI-Pl, Polish scientists will not only be able to compare and report results of their studies dedicated to tinnitus, but also become valued contributors on international scientific platforms.
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